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MT1B is the second most frequent autosomal dominant inherited neuropathy and is caused by assorted mutations of the myelin protein zero (MPZ) gene. MPZ mutations cause neuropathy gain of function mechanisms that are largely independent MPZs normal role of mediating myelin compaction. Whether there are only a few or multiple pathogenic mechanisms that cause CMT1B is unknown. Arg98Cys and Ser63Del MPZ are two CMT1B causing mutations that have been shown to cause neuropathy in mice at least in part by activating the unfolded protein response (UPR). We have recently treated Arg98Cys mice with derivatives of curcumin that improved the neuropathy and reduced UPR activation.
1 Future studies will address whether manipulating the UPR will be a common or rare strategy for treating CMT1B or other forms of inherited neuropathies.
Charcot Marie Tooth disease (CMT) is the most common genetic neuromuscular disorder afflicting approximately 1:2500. 2 CMT is genetically heterogeneous as mutations in more than 50 genes cause the various types of CMT. These can be inherited as autosomal dominant (AD) disorders that affect myelin (CMT1) or axons (CMT2) in the peripheral nervous system (PNS). Autosomal recessive (AR) (CMT4) and X-linked (CMTX) forms of CMT also exist. CMT is also pathogenically heterogeneous. Many AD forms are caused by "gain of function" mutations in which the mutated protein causes deleterious effects to the Schwann cell or neuron that are independent of the protein's normal function. Alternatively, many of the AR forms of CMT are "loss of function"
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Yunhong Bai, Agnes Patzko and Michael E. Shy* Department of Neurology; Carver College of Medicine; University of Iowa; Iowa City, IA USA disorders that are caused by the loss of function of the mutated protein. The large numbers of genes that cause CMT enable investigators to focus on identifying molecular pathways that cause demyelination or axonal degeneration since the cause of the neuropathy is known. In our studies we have focused on pathogenic gain of function mechanisms that cause CMT1B, the second most common form of CMT1.
CMT1B is caused by mutations in the Myelin Protein Zero (MPZ) gene.
3,4 MPZ comprises more than 50% of the myelin proteins in the peripheral nervous system and is responsible for myelin compaction. 5 More than 120 different diseasecausing mutations in MPZ have been identified (http://www.molgen.ua.ac. be/CMTMutations/default.cfm). Most patients with CMT1B present in two phenotypic groups: one with extremely slow nerve conduction velocities and onset of symptoms during the period of motor development; and a second with normal or near normal nerve conduction velocities and the onset of symptoms as adults. 6 Different mutations cause mild or severe phenotypes by at least several gain of function mechanisms.
One of these mechanisms results occurs when CMT1B mutations cause mutated MPZ to be retained in the endoplasmic reticulum (ER) instead of being transported to the cell membrane or myelin sheath. Examples include MpzS51ΔW57, 7 506delT and 550del3insG 8 studied in vitro and Ser63del and R98C mice, studied in vivo.
9-11 ER stress in both Ser63del and R98C mice contributed to the neuropathy by activating a canonical unfolded protein response (UPR).
9,10 UPR activation aims to reduce the load of unfolded proteins through upregulation of chaperones, attenuation of protein synthesis and increased protein degradation. The UPR is mediated initially by three molecules located in the ER membrane: IRE1, ATF6 and PERK. Three parameters may be used to detect UPR activation: (1) XBP1 splicing as an indicator of IRE1 pathway activation, (2) ATF6 cleavage and (3) increase in the levels of the transcription factor CHOP and its translocation to the nucleus, as an indicator of PERK pathway. R98C Mpz activates all three arms of the UPR. 10 These mice thus serve as a model to test therapies directed at relieving ER stress in CMT1B and in related neuropathies. 10 Sarcoplasmic/endoplasmic reticulum calcium pump (SERCA) inhibitors reduce ER stress and consequently UPR activation by inhibiting calcium binding and disrupting calnexin function. 12 Curcumin, derived from the curry spice turmeric, has multiple cellular targets and pleiotropic biological effects including activity as a low affinity SERCA inhibitor. 13 It has been shown to relieve ER stress and ameliorate the phenotype in several in vitro and in vivo models of UPR activation. Therefore, we treated R98C mice with orally administered curcumin. We did not obtain significant benefits in mice treated with either curcumin dissolved in alimentum (CA)-the form used to treat Tr J mice 14 or with a fluorinated curcumin derivative (CDF). 15 However, a phosphatidylcholine curcumin derivative (PCC) designed to increase bioavailability 16 and curcumin dissolved in sesame oil (CO) improved the R98C/R98C animals by neurophysiological and morphological criteria and the R98C/+ mice by clinical, neurophysiological and morphological criteria. PCC or CO treatment attenuated the UPR. Of particular interest were findings that treatment with PCC increased percentages of fully myelinated preterminal internodes and decreased length of demyelinated segments approaching the NMJ of treated animals. We hypothesized that these changes at the NMJ may contribute to the clinical improvement in the mice and perhaps also to the increased numbers of large diameter axons in the treated nerves. Also of interest were the findings that R98C mice treated with sesame oil showed a trend toward increased CMAP amplitudes that accompanied our article in Brain. 21 As was pointed out in the commentary, we are currently entering an era in which therapeutic strategies for genetic diseases, including CMT, are being increasingly undertaken. However, it will be important to determine whether the results from our study will be applicable to patients with only the particular Arg98Cys MPZ mutation or whether UPR activation is one of a limited number of dysfunctional pathways that contribute to gain of function deficits in CMT.
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contains negligible cholesterol but it does contain multiple plant sterols that function through similar pathways in humans and that presumably contribute to cholesterol-lowering properties of sesame and other plant oils. 20 Thus, we hypothesize that sesame oil may act like cholesterol to promote trafficking of MpzR98C into myelin and contribute to the improvement of R98C mice, a hypothesis that is supported by the fact that CO treatment was as effective as PCC in treating the animals. We also speculate that treatment regulates Schwann cell transcription to promote myelination (see Fig. 1 ).
The potential significance of our findings was summarized in a commentary and improved Rotarod performance. The recent study in which cholesterol treatment improved transgenic mice with the leukodystrophy Pelizaeus-Merzbacher disease (PMD) may provide an explanation for these results. 17 The most common form of PMD is caused by a duplication of the major CNS myelin protein proteolipid protein 1 (PLP1). 18 Dietary supplementation with cholesterol improved Plp1 overexpressing mice clinically and increased their myelin content, at least in part by facilitating the incorporation of PLP1 into CNS myelin membranes through lipid rafts. 17 Moreover, a previous study by the same group showed that cholesterol might act similarly on Mpz. 19 Sesame oil
